ABSTRACT. We evaluated the response of cardiac resynchronization therapy (CRT) in ischemic cardiomyopathy (ICMP) and non-ischemic cardiomyopathy (NICMP). We determined if the cause of cardiomyopathy, ischemic versus non-ischemic, affects CRT outcomes in regard to New York Heart Association (NYHA) category and ejection fraction. We used a retrospective chart review for adult patients who underwent biventricular device placement between January 2005 and July 2015 at the university of Toledo medication center as part of their standard of care. NYHA category and ejection fraction were compared before and after CRT in both ICMP and NICMP patients. The NYHA category improved by 0.39 ± 0.90 and 0.81 ± 0.79 (p ¼ 0.001) in ICMP and NICMP, respectively. The NYHA category worsened on follow-up in 11 (11.2%) patients in the ICMP group and five (5.2%) patients in the NICMP group (p ¼ 0.12). A total of 50 (51%) patients in the ICMP group and 26 (26.8%) in the NICMP had no improvement in their NYHA category (po0.001). Thirty-seven (37.8%) patients in the ICMP group and 66 (68%) in the NICMP group showed improvement by one or more in their NYHA categories (po0.001). NICMP remained a significant predictor of response to CRT independent of other variables after controlling it using logistic regression analysis. The ejection fraction increased by 5.58 ± 11.41 in ICMP compared with 12.86±14.55 in NICMP (p ¼ 0.001). Our study shows an improvement in NYHA functional class and ejection fraction after CRT therapy in heart failure patients regardless of etiology. However, a more favorable outcome was noticed in the NICMP subgroup. A future randomized control trial with a control group that specifically addresses this question and investigates possible etiologies is warranted.
Introduction
Heart failure remains one of the leading causes for cardiovascular hospitalizations and outpatient office visits.
The lifetime risk for developing heart failure in Americans above 40 years old is about 20%. 1 In 2010, there were 1,023 million hospital discharges with heart failure as the primary diagnosis. 2 The total cost of heart failure in 2013 was $32 billion and it is projected to increase to $70 billion by 2030. 2, 3 Despite enhancements in pharmacologic treatment, heart failure still carries a poor prognosis. 4 Left ventricular dyssynchrony resulting from interventricular conduction delay reduces the ejection fraction (EF). 5 A biventricular pacemaker is thought to resynchronize the abnormal left ventricular contraction without affecting the heart rate or oxygen consumption. 5 Multiple clinical trials have proven that cardiac resynchronization therapy (CRT) using a biventricular pacemaker improves all-cause mortality and hospitalization in patients with low EF and wide QRS complex. [6] [7] [8] [9] Additional trial series showed improvement in exercise capacity, New York Heart Association (NYHA) class, quality of life, and EF. [10] [11] [12] [13] On the basis of the available data, the American Heart Association recommends CRT for patients with ischemic cardiomyopathy (ICMP) and non-ischemic cardiomyopathy (NICMP), NYHA class II, III, or IV, EF r 35%, and wide QRS with or without left bundle branch block (LBBB) on maximum medical therapy. 14 However, limited data are available comparing the efficacy of CRT between ICMP and NICMP, particularly in standard clinical practice. In this study, we evaluated the improvement in NYHA and EF among patients with ICMP and NICMP who received CRT as part of their standard of care.
Methodology
The study was approved by the institutional review board. We conducted a retrospective chart review for all patients who underwent biventricular device placement between January 2005 and July 2015.
Study population
Subjects had systolic heart failure on maximally tolerated medical therapy for at least 3 months before CRT implantation. A total of 238 patients who had CRT were identified. Baseline characteristics, medications, NYHA category, and EF were collected within 3 months before the biventricular device placement and up to 1 year after. Follow-up NYHA categories were obtained from the heart failure clinic notes. The follow-up EF was estimated using echocardiogram. All patients had their epicardial lead placed in the lateral ventricular wall between the base and the apex. Patients who had no follow-up in our heart failure center and had no follow-up echocardiogram available at the time of data collection were excluded from the study. The primary outcome of the study was a change in the NYHA category in both ICMP and NICMP and EF as documented by echocardiogram before and after CRT.
Statistical analysis
Statistical analyses were carried out using the SPSS 21.0 software (SPSS Inc.) Continuous variables were compared using the two-sample t-test and were expressed as means ± standard deviation. The chi-square test was used to compare baseline characteristics. Multivariate logistic regression was then applied to control for confounders and determine if other variables were significantly related to the outcome of our study (response to CRT).
A two-tailed po0.05 was considered to be statistically significant.
Results
Between January 2005 and July 2015, 238 patients underwent biventricular device placement. Of these 238 patients, 43 patients did not have follow-up data available in our hospital database and were excluded from the study. Twelve had biventricular pacemaker placement without a defibrillator. The clinical characteristics of the 195 patients included in the study are summarized in Table 1 . Age, male gender, history of coronary artery bypass graft (CABG), and creatinine levels were significantly different between ICMP and NICMP (po0.05). Changes in NYHA class and EF as documented by echocardiogram are summarized in Table 2 . NYHA category improved by 0.39 ± 0.90 and 0.81 ± 0.79 (p ¼ 0.001) in ICMP and NICMP, respectively. NYHA category worsened on follow-up in 11 (11.2%) patients in the ICMP group and five (5.2%) patients in the NICMP group (p ¼ 0.12). A total of 50 (51%) patients in the ICMP group and 26 (26.8%) in the NICMP had no improvement in their NYHA category (po0.001). Thirty-seven (37.8%) patients in the ICMP and 66 (68%) in the NICMP showed improvement by one or more in their NYHA categories (po0.001) (Figure 1 ). NICMP remained a significant predictor of response to CRT independent of other variables after controlling it using logistic regression analysis. Female gender and QRS complex 4150 ms were both significant predictors of response to CRT when adjusted to other variables using logistic regression (odds ratio 2.44 and 2.51, respectively) ( Table 3 ). The EF increased by 5.58±11.41 in ICMP compared with 12.86 ± 14.55 in NICMP (p ¼ 0.001).
Discussion
The results of this study show that cardiac resynchronization therapy improves two important markers of cardiac function and clinical status in patients with heart failure and wide QRS complex. NYHA class and EF had modest improvement in patients with ICMP, whereas patients with NICMP benefit significantly more than their ischemic counterparts. Previous studies suggested that cardiac resynchronization produced clinical benefits in patients with heart failure and intraventricular conduction delay. 10, 12 In one trial, 10 67 patients were evaluated but only 25 patients had heart failure of ischemic origin, which might lead to more a favorable outcome. Another randomized controlled trial of 453 patients concluded that cardiac resynchronization improves the 6-minute walk test, quality of life, and EF without significant differences between patients with ischemic or non-ischemic origin of their heart failure. In general, studies investigating outcomes of cardiac resynchronization therapy have focused on risk factors affecting morbidity and mortality without differentiating between ischemic and non-ischemic subgroups. Our study re-examines CRT into these two divided groups. We believe ischemia plays a significant role in how CRT improves a patient's cardiac function and overall lifestyle, evaluated in our review by EF and New York Heart Association classification. Of 195 patients with CRT examined after exclusion, the EF and NYHA class were affected by whether patients had evidence of ICMP versus NICMP, female gender, and wide QRS 4150 ms. Other variables including age, race, body mass index, diabetes mellitus, hypertension, atrial fibrillation, history of CABG, smoking, evidence of LBBB or LBBB duration, medication use, and kidney function did not significantly impact the outcome. When comparing the NYHA subgroup between patients with ICMP and NICMP, we have noticed that those with ICMP had only modest benefits (37.8%), and 51% had no improvement and 11.2% actually had worsening in their NYHA functional class. On the other hand, in the NICMP group, the NYHA class had improved in nearly two-thirds of the patients (68%), did not change in 27% of the patients, and deteriorated in only 5% if this subpopulation. Our study, with its pragmatic design, evaluated CRT outcomes in everyday patients in the real-life setting. The current randomized controlled trials were not specially designed to determine the role of heart failure etiology on the outcomes of CRT. Results from prior observational studies looked into CRT outcomes taking into consideration the etiology of heart failure showed inconsistencies regarding which etiologic subgroup had better outcomes, although the majority demonstrated that NICMP patients exhibited a lower risk for mortality or heart failure hospitalization than ICMP patients. Whether ischemic etiology really affected the benefits of CRT is not known. In one study, it has been reported that the poor outcomes of ICMP patients were directly related to the large scar burden and fewer viable cardiomyocytes. 15 Hence, the apparent lower usefulness of CRT in the ICMP subgroup might be related to the disease itself rather than the lower efficacy of CRT treatment. Limitations to the study include variable follow-up time in NYHA classification and EF assessment, lack of medication adherence appraisal due to the retrospective nature of the study, lack of a control group with no CRT, and unassessed functional aerobic capacity by the 6-minute walk test.
In conclusion, our study shows an improvement in NYHA functional class and EF after CRT therapy in heart failure patients regardless of etiology. However, a more favorable outcome was noticed in the NICMP subgroup. A future randomized control trial, with a control group that specifically addresses this question, and investigates possible etiologies is warranted. 
